We introduce a simple method to objectively assess breast symmetry and position after augmentation mammaplasty. We applied this method to analyze symmetry results from a prospective randomized controlled trial designed to determine whether patients with small-volume asymmetry had better outcomes from different-sized fixed-volume implants or from an adjustable implant on the smaller side and a fixed-volume device on the contralateral side. Smallvolume asymmetry was defined as a volume difference of 30 mL to 70 mL between the breasts.
MethodS

Statistical Analysis of Objective Measurements Method
Differences between breast and chest measurements obtained before surgery and during follow-up can be analyzed statistically by a parametric (eg, t test) or a nonparametric test (eg, Wilcoxon matched pairs signed-rank test), depending on the size of the study group. It is important that statistical significance be set below 5% probability (P < .05) to minimize the likelihood of type I errors (falsepositive findings).
Before surgery and during follow-up visits, standard objective measurements are obtained. 8 Manual measurements pertain to the breast or the chest. Breast-specific measurements obtained for each breast include the following distances: from the jugular notch to the nipple, from the midclavicular point to the nipple, from the sternum to the nipple, from the midarmpit to the nipple, and from the inframammary fold (IMF) to the nipple ( Figure 1 ). Chestspecific circumferences are measured at the nipple-areola complex (NAC) and the IMF, while the lungs are full as well as empty ( Figure 2 ). To maximize objectivity, 3 consecutive measurements are taken for every chest and breast distance, and the mean of the 3 measurements is calculated and utilized for analysis.
Differences in measurements between each breast denote asymmetry. The statistical significance of changes in these differences postsurgery, noted during follow-up visits, permits assessment of the degree of symmetry achieved by the surgery.
Chest-specific measurements also are useful for detecting changes in breast size. These measurements are particularly helpful for assessing maintenance of prosthesis volume over time, as noted in a study on breast implants filled with soybean oil. 9 In fact, both circumference measurements (NAC and IMF) can change after surgery because of postoperative edema and variations in softtissue thickness, and the NAC circumference also can be affected by changes in prosthesis size.
Because such measurements are obtained routinely both pre-and postsurgery, this method of analysis is easy to perform, objective, reproducible, inexpensive, and efficient. (However, a disadvantage of this method is that precision may be compromised somewhat because the measurements are obtained manually.)
We recently applied this method to a study involving placement of adjustable-volume breast implants to correct hypoplastic breasts that had small-volume asymmetry. 10 The statistical analysis allowed comparison between preand postoperative values, confirming or repudiating the achievement of breast symmetry and, in turn, the utility of the type of implant placed.
Application of the Statistical Analysis of Objective Measurements Method
Between January 2009 and January 2012, a total of 60 consecutive women with hypoplastic breasts and small-volume asymmetry presented for augmentation mammaplasty and were enrolled in a prospective randomized controlled trial. In our series, 13 patients had iatrogenic breast asymmetry secondary to benign mass ablation. None of the patients underwent previous breast augmentation. The institutional review board at "Sapienza" University of Rome, Italy, approved the study, and all patients provided written informed consent before study initiation and were treated at Sapienza University of Rome in the Department of Plastic Surgery. Patients with congenital or iatrogenic breast asymmetry were eligible for participation 6 months after the initial surgery, including women who had undergone previous breast surgery if they presented with smallvolume asymmetry. Patients who underwent previous breast surgery were only operated on for benign mass ablation. Preoperatively, all patients underwent mammary ultrasonography; 4 women (aged 36-38 years) also underwent mammography to evaluate the quality of mammary tissue.
Patients were randomly assigned to group A (n = 30) or group B (n = 30). The most appropriate implant pocket (subglandular, subpectoral, or dual plane) was selected for each patient after evaluating soft-tissue coverage and the degree of breast ptosis. 11, 12 In group A, the selected implant pocket was subglandular in 11 cases, subpectoral in 11, and dual plane in 8. In group B, the pocket was subglandular in 12 cases, subpectoral in 10, and dual plane in 8.
Group Before surgery and during all follow-up visits (scheduled at 1, 4, and 12 months postsurgery), standard digital photographs were obtained (frontal, oblique, and lateral views, with arms down and up), along with standard objective measurements of the breast and chest (Figures 1   and 2 ). Differences in values between the breasts were calculated for each patient to evaluate the degree of symmetry attained.
Differences in specific breast and chest measurements taken before surgery and during follow-up visits were analyzed statistically with the Wilcoxon signed-rank test. Statistical significance was defined as P < .05, and all confidence intervals were 95% values. Statistical analyses were performed with SPSS (SPSS, Inc, an IBM Company, Chicago, Illinois). Questionnaire. Available online at www.aestheticsurgeryjournal.com). Breast appearance was evaluated subjectively by the patient at the same time point. The patient's global impression of clinical improvement was rated on a visual analog scale (VAS) of 1 to 10 (1 = no improvement, 10 = maximum improvement). Breast symmetry was assessed by an external panel of physicians 1 year postsurgery, based on subjective impression of differences between preoperative and postoperative photographs, and was scored on the same VAS.
We chose not to consider implant pocket in the evaluations because the aim of the study was to assess a method to evaluate breast asymmetry rather than the best surgical technique to correct the asymmetry. However, no meaningful differences were noted with respect to implant location.
ReSultS
The mean age of the 60 patients was 30 years, 4 months (range, 19-38 years; median, 29 years). Each study group . Thirty-two patients (53% of 60), 15 from group A and 17 from group B, presented with bilateral developmental hypoplasia and small-volume asymmetry. Fifteen patients (25% of 60), 8 from group A and 7 from group B, presented with small-volume breast asymmetry and moderate ptosis. Thirteen patients (21.7% of 60), 7 from group A and 6 from group B, presented with unilateral iatrogenic hypoplasia as a result of previous surgical intervention (benign mass ablation).
All patients in both groups presented with at least a grade I breast ptosis, but 15 actually had a moderate (grade II) ptosis. 13 The duration of follow-up was 12 months for all patients in both groups. No patients were lost during follow-up. Interim postoperative measurements also were obtained at 1 and 4 months. The mean length of hospitalization was 1.75 days (range, 1-3 days).
Early complications that occurred in group A (30 patients) were delayed wound healing on the side with the adjustable implant (n = 1; 3.33%) and 1 case each of hematoma (3.33%) and seroma (3.33%) on the side with the fixed-volume prosthesis. In group B (30 patients), we observed 1 case (3.33%) of hematoma and 1 case (3.33%) of seroma. None of these complications (in either group) had a negative effect on the ultimate achievement of breast symmetry. No major late complications occurred during the 1-year follow-up.
The mean differences and standard deviations in specific breast measurements, as well as their statistical significance, are summarized in Table 1 (group A) and Table  2 (group B). Data for specific chest circumferences are summarized in Table 3 (group A) and Table 4 (group B). Group A had better symmetry postoperatively (Tables 1   Table 1 The bold P values denote statistically significant differences. Data in the top section of the table are mean differences between the left and the right breasts before surgery and at various followup points. In the bottom section, the statistical significance between pre-and postoperative values is shown. Tables 3 and 4 show that the augmentation mammaplasty increased chest circumference in both groups at the level of the NAC but not at the IMF. Good aesthetic breast symmetry was achieved in all patients (Figures 3-6 ). Patients and physicians indicated good to high satisfaction on the VAS (Table 5 ). The statistical significance of the differences in breast measurements and chest circumferences between groups A and B are listed in Tables 6 and 7. diScuSSion Currently, the evaluation of symmetry after breast augmentation involves little more than craftsmanship and intuition, with strong reliance on the professional skills of surgeons. Clinical capabilities and personal experience of plastic surgeons cannot be captured in a standard clinical procedure, unless a new theoretical background in anatomic shape analysis is established. Visual assessment remains a common practice for breast evaluation during follow-up visits, but this method is extremely subjective, operator dependent, and unreproducible. Manual measurements taken routinely before surgical intervention and at standardized postoperative intervals are objective data that can be obtained inexpensively. However, these data alone do not provide a single criterion that can be compared to evaluate the achievement or maintenance of breast symmetry or to explain whether the change in symmetry may be random.
and 2). Data from
The statistical analysis of objective measurements is a new approach to breast assessment, whereby manual measurements obtained before and after surgery are subjected to parametric or nonparametric testing. Because multiple measurements are obtained of each distance during every visit, this method provides an objective means to assess and compare differences between the left and right breasts over time.
There are limitations to this method. It only allows for a comparison between numeric values, not a visual comparison, as would be possible with 3-dimensional imaging. Also, it does not convey a global evaluation of the breast as a whole but only of each breast measurement. Moreover, it can be time-consuming to take many measurements and record them in a database. As noted earlier, another disadvantage is that precision may be compromised to some degree because the measurements are obtained manually.
Nonetheless, the advantage of this method was validated in a comparative study on the correction of breast asymmetry. The randomized controlled trial was designed to assess whether small-volume asymmetry is better corrected by placing an adjustable implant in the smaller breast and a fixed-volume device in the larger breast (group A) or by placing fixed-volume implants of different sizes (group B). For each specific breast measurement, both groups experienced a reduction in the differences between the left and right breast, but greater symmetry was achieved in patients who received an adjustable implant in 1 breast (group A). The objective data and statistical evidence of breast asymmetry correction are consistent with the subjective evaluations (VAS) of patients and physicians. It is important to note that the visual assessment was not intended to evaluate the correction of breast asymmetry but rather to assess patient and physician satisfaction.
In regard to the technical options to correct breast asymmetry, some surgeons may prefer to apply a variety of intraoperative sizers instead of positioning adjustable implants to achieve optimal volumes. Classic methods of evaluating breast form, such as water displacement, 16 the Grossman-Roudner device, 17 and thermoplastic casting, 18 have been replaced by 3-dimensional imaging. 19, 20 Recent reports describe a novel 3-dimensional digital imaging system that is capable of automatically recognizing anatomic landmarks and measuring linear, surface contour, point-to-point, and volume parameters. 21, 22 However, this method is very expensive and requires special devices.
concluSionS
Our method of statistical analysis of objective measurements is quantitative, reproducible, easy to perform, and inexpensive. It allows for comparing results for different patients in large trials and for comparing results for the same patient at different follow-up times. It may also be beneficial for analyzing data from multicenter studies.
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